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Abstract

Background and Aims: Long-term data on cell-based
therapies, including hematopoietic stem cell infusion in cir-
rhosis, are sparse and lacking. Methods: Patients with cir-
rhosis of non-viral etiology received either standard-of-care
(n = 23) or autologous CD34+ cell infusion through the hep-
atic artery (n = 22). Study patients received granulocyte col-
ony-stimulating factor (commonly known as G-CSF)
injections at 520 ugm per day for 3 days, followed by leuka-
pheresis and CD34+ cell infusion into the hepatic artery. The
Control group received standard-of-care treatment. Results:
Mean CD34+ cell count on the third day of G-CSF injection
was 27.00 = 20.43 cells/uL 81.84 + 11.99 viability and purity
of 80-90%. Significant improvement in the model of end-
stage liver disease (commonly known as MELD) score
(15.75 £ 5.13 vs. 19.94 £ 6.68, p = 0.04) was noted at
end of 3 months and 1 year (15.5 £ 5.3 vs. 19.8 £ 6.4, p =
0.04) but was not statistically different at end of the second
(17.2 £ 5.5vs. 20.3 £ 6.8, p = 0.17) and third-year (18.4 £
6.1vs. 21.3 £6.4, p =0.25). No difference in mortality (6/23
vs. 5/23) was noted. Conclusions: Autologous CD34+ cell
infusion effectively improved liver function and MELD score
up to 1 year but the sustained benefit was not maintained
at the end of 3 years, possibly due to ongoing progression
of the underlying disease.
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Introduction

The rising incidence of chronic liver disease (CLD) has
increased the need for liver transplantation. The unmet
need has resulted in numerous studies targeting the
regenerative potential of the liver as an alternative or as a
bridge to liver transplantation.? Stem cells are cells that
reside in the human niche and have an intrinsic ability of
self-renewal, but they maintain their undifferentiated state
and have potency to transform into specialized cells, like
hepatocytes.?

The capacity of the liver to regenerate can be traced back
to the two Greek mythological characters, Tityus and Prom-
etheus, who were both banished to the mountains to suffer
and die. In mythology, a vulture used to come and feed on
their livers, only to find that the liver regenerated the next day
and thereby giving the first documentation of the regener-
ative potential of the liver.*® The demonstration that hepatic
oval cells can regenerate was shown biologically by hepato-
cyte proliferation in rats.®

Human studies using hematopoietic stem cells identified a
subset of CD34+ cells, which have the potential to differ-
entiate into liver cells. These CD34+ cells were identified
based on their distinct appearance, immunophenotype, and
gene expression. For proof of concept, safety study was first
conducted with five patients, opening the doors for further
research in this field.” After that, numerous studies have
looked into the short-term outcome of infusion of hemato-
poietic or mesenchymal stem cells in patients with cirrhosis
of the liver.8-1° However, the route by which stem cells were
infused, the method of calculation of the dose of cells, and the
stage of liver cirrhosis when these cells were infused were
heterogeneous. Studies using granulocyte colony-stimulating
factor (G-CSF) alone to mobilize hematopoietic stem cells
from bone marrow to the liver have shown an increased
number of CD34+ hematopoietic stem cells in the liver
tissue in a paired-biopsy study, thereby suggesting that
there is a definite increase in the number of stem cells in
the liver following mobilization.'* Whether mere mobilization
of the cells is enough or whether the separation of specific
stem cells is required along with direct infusion into the
target organ (liver) would yield better results is a matter of
debate.

Our previous study with autologous hematopoietic stem
cell infusion through the hepatic artery showed significant
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short-term improvement in model for end-stage disease
(MELD) score, serum albumin, and serum creatinine. These
benefits were noticed at the beginning of the first month after
autologous CD34+ cell infusion and were maintained at 3 and
6 months.!2

Here, we present the long-term data of the same cohort of
patients who underwent autologous hematopoietic stem cell
infusion and were followed up for 3 years.

Methods

Patients with decompensated cirrhosis of the liver having a
non-viral etiology, who attended the Liver Clinic of our
institute, were screened for eligibility to be enrolled in the
study. The screening was carried out between June 2012 and
July 2013, and those patients with a MELD score of greater
than 14 or a score of greater than 10 with evidence of ascites
or hepatic encephalopathy were counseled to undergo liver
transplantation. A significant proportion of patients were not
willing to undergo transplantation, either due to financial
constraints, lack of donor, or a combination of both. These
patients were provided an explanation about stem cells and
counselled that by enrolment in the study, there may be a
beneficial effect on the natural history of their disease. The
experimental nature of this modality of treatment was
explained in detail, including the concept that they may not
benefit at all from this study. Those patients who agreed to be
a part of the study were enrolled in the study group. The
remaining patients who were willing only to receive deceased
donor liver transplantation (DDLT) were included in the liver
transplantation waiting list for DDLT and registered with the
centralized organ allocation authority of the state. These
patients were considered as the control group in the study.
A small number of patients who had a first degree-related
liver donor underwent liver transplantation. This study was
approved by the Institutional Review Board, Institutional
Ethics Committee and the Institutional Committee of Stem
Cell Research, and informed written consent was obtained
from all patients.

Inclusion criteria

i. Adult patients between 18 to 70 years of age with a MELD
score of >14 and with no donor or finance for immediate
liver transplantation within in the next 3 months;

ii. A MELD score-based life expectancy of at least 3 months;

iii. Ability to give written informed consent.

Exclusion criteria

i. Any patient with hepatocellular carcinoma or any other
malignancy within the last 5 years;

ii. Presence of ongoing infections, including retroviral,
hepatitis B or hepatitis C;

iii. Co-existent cardiac and/or pulmonary co-morbidities
related or unrelated to liver cirrhosis;

iv. Recent history of upper or lower gastrointestinal bleed-
ing, acute kidney injury or hepatorenal syndrome with
the last month;

v. Main portal vein thrombosis, either partial or complete,
on cross-sectional imaging;

vi. Patients with a manual platelet count below 50,000/mm?3;

vii. Any patient with pregnancy or lactating mothers.
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Control group

Patients between 18-70 years, who were enrolled in the
waiting list for DDLT during the study period. Informed
consent also was taken from all participants in the control
group.

All the patients underwent liver protocol investigations,
which included complete hemogram, kidney and liver function
tests, serum alpha-fetoprotein, coagulation profile, Doppler-
ultrasonography of the whole abdomen, and contrast-
enhanced computed tomography scan along with quantitative
estimation of hepatitis B DNA and hepatitis C RNA. Serology
tests for syphilis, herpes simplex virus, and cytomegalovirus
were conducted, as per protocol. The control group patients
were investigated and treated with standard-of-care treat-
ment for liver cirrhosis, which included diuretics, lactulose,
beta-blockers, and low salt (<2 g of sodium chloride) and
high-protein diet.

The study was approved by the Asian Institute of Gastro-
enterology Institutional Review Board, Asian Institute of
Gastroenterology Ethics Committee, and the Institutional
Committee of Stem cell Research, which was registered with
the National Apex Committee for stem cell research in India.
The study was registered with the clinical trial registry of India
(CTRI/2017/11/010429).

Methodology

Study group patients received G-CSF at 520 ng/day (Neup-
ogen, Filgrastim, Roche) for 3 consecutive days, in an effort to
mobilize the hematopoietic stem cells’ bone marrow niche to
the peripheral circulation. Serial monitoring of complete blood
counts was carried out, along with liver and kidney function
tests. Doppler ultrasonography of the abdomen was done on
the third day. Any adverse effects due to administration of G-
CSF, like fever, symptomatic increase in spleen size and
sepsis, were documented and reported. The estimation of
serum CD34+ cells was measured daily and 1 h before
leukapheresis. A predefined level of greater than 2 cells/pL
was achieved. For leukapheresis, a central line was secured,
and 1 h after the third dose of G-CSF, the patient was moved
to the phlebotomy unit. Leukapheresis, under the supervision
of a hematologist, was done using an MCS-3P magnetic cell
separator (Hemaneics, USA). The amount of peripheral blood
collected after leukapheresis varied between 30 mL to 60 mL.
Side effects related to leukapheresis, like hypotension, tachy-
cardia, shortness of breath, etc., were documented, and
corrective measures were taken as per standard operating
procedures. The leukapheresis product underwent mononu-
clear cell isolation in a cleanroom in a Good Medical Practice
(commonly known as GMP)-certified laboratory of the
institute.

Hi-Sep method (HiSep LSM1077, LS001; Himedia Labo-
ratories, India) was used for mono-nuclear cell isolation, with
washing with phosphate buffered saline and diluting with
CliniMACS buffer (Miltenyi Biotech, GmbH, Germany). These
cells underwent centrifugation and incubation with CD34%
labeled monoclonal antibodies microbeads (MACS; Miltenyi
Biotech) for 30 m. CliniMACS buffer was used to wash these
cells, which were then processed in a CliniMACs cell separator.
A high-gradient magnetic field was used to separate the CD34
+ cells. The cell adequacy was calculated, and viability of the
cells was assessed using the trypan blue dye exclusion
method. Cell viability was higher than 80% in all cases.
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Flow cytometry was used to ascertain cell purity. The CD34+
hematopoietic stem cells were diluted with 10 mL of phos-
phate buffered saline supplemented with 2% human serum
albumin and dispatched for use on the same day, within 1 h.
The hepatic artery was catheterized through the femoral
route under fluoroscopic guidance by the interventional radi-
ologist and infused into the hepatic artery. The patients were
observed overnight and discharged the subsequent day, after
a screening Doppler ultrasonogram to rule-out hepatic artery
thrombosis. Any procedure-related adverse effects, like pain
(recorded by visual analog scale) or bleeding from the
femoral catheterization site, etc., were noted.

Follow-up visits of patients

Weekly follow-up of the patients was carried out through the
first months, followed by quarterly evaluation for 1 year and
then half-yearly assessment for the subsequent 3 years.
During each follow-up visit, the patient underwent a complete
hemogram, along with renal and liver function test, serum
alpha-fetoprotein test, and Doppler ultrasonography of the
abdomen. The presence or appearance of any new complaints
was noted. As stem cells have a potential for carcinogenesis,
any suspicious nodule or rise in alpha-fetoprotein was further
evaluated by cross-sectional imaging to rule-out hepatocel-
lular carcinoma. Worsening of ascites, need for large-volume
paracentesis, evidence of spontaneous bacterial peritonitis
late-onset or recurrent hepatic encephalopathy, an/or any
gastrointestinal bleed was noted. Patients in the control arm
underwent similar follow-up visits. For both groups, any
emergency hospital visits, either to our center or any hospital
locally, were noted.

Statistical analysis

A comparison of the clinical and laboratory findings was
performed at the end of 1 month, 3 months and 3 years, to
assess the long-term outcome. All nominal values were
expressed as mean with standard deviation and as median
with range. Fisher’s exact test was used for categorical
variables, and a two-tailed p-value of <0.05 was considered
to be significant. GraphPad software 2019 was used for this
per-protocol statistical analysis.

Results

One hundred patients were screened for eligibility to be
enrolled in the study. The inclusion criteria were not met by
30 patients, while another 25 patients refused to participate
in the study. Two patients in the study group underwent living
donor liver transplantation (LDLT), as they were able to find a
suitable donor. Another patient died due to hepatorenal
syndrome, and one patient was lost to follow up in the initial
1-3 months period. Out of the 23 patients in the control arm
(liver transplantation waiting list), there were no dropouts at
the end of 1 month. However, between 1 and 3 months, two
patients died due to sepsis and one due to hepatorenal
syndrome. Another patient in the control group underwent
DDLT, while two patients were lost to follow-up. In the initial
data analysis that was published in 2015,2 there were 17 and
18 patients in the control and study groups in the per-protocol
analysis. These patients have now been followed up to the
end of 3 years. During this extension period of the study, a
total of 6/23 patients in the study group and 5/23 in the

control group died due to complications of portal hyperten-
sion. Sepsis was the most common cause of death (four
patients in both groups. Two patients in the study group and
one patient in control died due to acute upper gastrointestinal
bleed. Three patients in the control group underwent liver
transplantation while on the waiting list, as shown in the
consort diagram. During the follow-up of 3 years, two patients
were lost to follow-up in the control group and one in the
study group. So, in the final analysis at the end of 3 years,
there were 13 patients in the study group and 12 in the
control group.

In the control and study groups, at the beginning of the
study, the cause of cirrhosis was cryptogenic in 18 (78.2%)
and 16 (72.72%), and alcohol use disorder-related in 5
(21.7%) and 6 (27.27%) respectively. In the final analysis
at the end of 3 years, there were 9/12 (75%) cryptogenic and
4/12 (25%) alcohol use disorder-related cirrhosis cases in the
study group, and 8/12 (66.7%) and 4/12 (33.3%) respec-
tively in the control arm.

There was no difference in the baseline characteristics at
the initiation of the study, nor when the primary analysis was
done at the end of 3 months nor at the end of the study at 2
years. The MELD score in both groups was similar. Median
alcohol abstinence was 7 months (range, 5-11 months) in the
control group. In comparison, it was 6 months (range, 4-12
months) in the study group, and all the patients maintained
the alcohol abstinence during the study period. Seven
patients in the control group and six in the study group had
well-controlled type 2 diabetes mellitus [mean glycosylated
hemoglobin (HBA1c): 6.45 (range, 5.3-8.3) and 6.63 (range,
5.1-9), respectively]. Ascites was present in 95.6% (n = 22)
and 100% (n = 22) of patients in the control group and study
group respectively. Patients with refractory ascites requiring
therapeutic paracentesis for respiratory easement and
impaired quality of life was 22.7% and 21.7% respectively
in the study and control groups. Limitation of an increase in
diuretic dose due to adverse effects was the cause of refrac-
tory ascites in all patients. Overt hepatic encephalopathy
within the last 3 months before enrolment in the study was
26% (n = 6) and 7 (31.81%; n = 7) in the control and study
groups respectively.

Baseline CD34+ cell count (cells/uL) before G-CSF admin-
istration was 2.3 + 2.56 (mean + standard deviation). Cell
viability at baseline was 48.17 £ 23.95%. Peripheral CD34+
cell count measured on the third day after G-CSF infusion was
27.00 £ 20.43 (cells/pL), and the cell viability was improved
to avalueof 81.84 + 11.99%. Cell purity varied between 80%
and 90% among all patients. A minimum of 1 x 10® hemato-
poietic stem cells per kg dry body weight of the patient were
infused through the hepatic artery.

Results after CD34+ cell infusion

Primary endpoint analysis of the original published data
revealed an increase in the mean serum albumin in the
study group (2.83 = 0.36 vs. 2.43 = 0.42, p = 0.001),
which was not maintained at the end of the first year but
showed statistically significant improvement at the end of
second year. This improvement seen between the first and
second year was not maintained at the end of the third year,
as shown in Figure 2 (Table 2) when compared with controls.
Further, at 3 months, significant improvement in serum crea-
tinine was noted in the study group (0.96 + 0.33 vs. 1.42 =
0.70, p = 0.01), which was not maintained at any other point
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during the study period, as shown in Table 2. Serum bilirubin,
alanine aminotransferase (ALT), and aspartate aminotrans-
ferase (AST) did not show any significant differences. Platelet
count and international normalized ratio (commonly referred
to as INR) showed some improvement but did not reach stat-
istical significance at any point in time. However, when these
patients were followed-up for 3 years, there was no difference
in the MELD score and mortality (6/23 vs. 5/23) between the
two groups.

There was a significant improvement in the MELD score
(15.75 £ 5.13 vs. 19.94 *+ 6.68, p = 0.04) at the end of 3
months. When these patients were followed-up for 3 years,
the improvement in MELD score was maintained at the end
of 1 year (15.5 £ 5.3 vs. 19.8 £ 6.4, p = 0.04) but was not
statistically different at the end of 2 years (17.2 £ 5.5 vs. 20.3
+ 6.8, p = 0.17) and upon final analysis at the end of the third
year (18.4 £ 6.1 vs. 21.3 £ 6.4, p = 0.25). Though there was
no difference in the mortality (6/23 vs. 5/23) between the two
groups, the maximum number of deaths was three in each
group, occurring between the second and third years.

The most frequent cause of death in both groups was
sepsis, followed by one case of upper gastrointestinal bleeding.
Patients in both the groups were regularly followed-up with
screening endoscopy, and the need for endoscopic variceal
ligation was similar in the two groups. No case of new-onset
development of gastric varices was noted in our series. The
incidence of hepatic encephalopathy was also not different
between the two groups (study 3/12 vs. control 4/13).

Assessed for eligibility
n =100

Excluded: n =55

Refused to participate: 30
Not eligible: 24
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Fig. 1. Consort flow diagram showing patients at the time of recruitment

and at the end of 3 years.

Abbreviation: LTx: Liver transplantation.
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Fig. 2. Improvements. (A) The MELD improvement was maintained at 1 year.
(B) Albumin improvement was noted at end of 2 years. (C) No difference in serum
creatinine was noted in long-term outcome.

Abbreviation: MELD: Model for end-stage liver disease.

Discussion

Autologous CD34+ cell infusion is @ minimally manipulated cell-
based procedure that is safe and improves liver function in the
short term, and has been suggested to serve as a bridge to liver
transplantation.'? But, all studies to date have published their
outcomes at a maximum of up to the end of 3 to 6 months, 371>
No studies have mentioned the long-term outcome of these
patients after the end of the short study period.

A recent retrospective study that used peripheral mobi-
lized stem cell infusion in patients with decompensated
cirrhosis assessed a 5-year outcome. The study found that
after propensity score matching, survival was significantly
higher in patients receiving stem cell infusion (71.2% vs.
52.1%, p = 0.001) than in the control group.'® The beneficial
effect of this study, when compared with our research, could
be due to the patient population having had a lower Child-
Pugh score, and the majority of the patients being without
ascites. So, it could be hypothesized that if stem cells are
used early in the course of the natural history of cirrhosis,
when the inflammatory milieu!” of the liver is still less
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Table 1. Baseline characteristics at recruitment of the control and study groups

Parameter Control group, n = 23 Study group, n = 22 p value
Age in years 47.35 = 12.54 48.91 = 9.25 0.62
Sex, Male:Female 20:3 16:6 0.072
Hemoglobin, g/dL 9.29 + 1.86 9.15 + 1.60 0.79
Platelet count, lakh/mm?3 0.92 = 0.27 1.1 +0.72 0.24
Total bilirubin, mg/dL 4.78 = 4.06 3.55 + 2.12 0.21
Albumin, mg/dL 2.7 £ 0.35 2.55 = 0.35 0.16
INR 1.72 £ 0.53 1.80 = 0.52 0.62
Serum creatinine, mg/dL 1.08 = 0.38 1.02 = 0.29 0.56
MELD score 18.73 £ 5.29 18.28 * 3.50 0.74
Abbreviations: INR, international normalized ratio; MELD, model for end-stage liver disease.
Table 2. Results comparison at different time points after autologous hematopoietic stem cell infusion
Follow up parameter Three months One year Two year Three year
MELD score
Study group 15.75 £ 5.13 15.75 £ 5.13 17.2 £ 5.5 18.4 £ 6.1
Control group 19.94 + 6.68 19.8 £ 6.4 20.3 =+ 6.8 21.3+6.4
p-value 0.04 0.04 0.17 0.25
Albumin, mg/dL
Study group 2.83 = 0.36 2.7 £ 0.7 2.82 + 0.64 2.62 = 0.46
Control group 2.43 = 0.42 2.4 = 0.52 2.38 £ 0.48 2.32 =+ 0.54
p-value 0.001 0.17 0.03 0.14
Creatinine, mg/dL
Study group 0.96 = 0.33 1.2 = 0.46 1.24 = 0.84 1.28 £ 0.74
Control group 1.42 £ 0.70 1.46 = 0.92 146 £ 1.1 1.39 £ 0.98
p-value 0.01 0.42 0.461 0.78

hostile to the mobilized or infused stem cells, the regenera-
tive power of the cells could be better. This theory needs to be
validated in a prospective randomized trial with paired-biop-
sies taken pre- and post-stem cell infusion to document
increase in the number of stem cells in the liver tissue. The
study also did not record any adverse effect of stem cell infu-
sion in the large cohort of patients.

Though initial isolated reports in stem cell studies have
reported some adverse effects, like splenomegaly, splenic
rupture, and hepatic artery thrombosis, multiple other
studies, including randomized control trials, have not found
any adverse effects on these patients. However, a multicenter
study that did not see any improvement in MELD score and
liver function when they compared peripheral CD133+ stem
cell infusion mobilized by G-GSF compared to the group
receiving G-CSF alone standard-of-care in compensated cir-
rhosis reported increased adverse effects.*® The study also
reported a significant worsening of ascites in the stem cell
infusion group. As the majority of the patients were compen-
sated, the development of ascites could have been a part of
the natural history of cirrhosis, or a precipitating factor may
be caused by acute-on-chronic liver failure, which was not
addressed in the study. Besides, that study had used an infu-
sion of stem cells through a peripheral vein and the percent-
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age of the cells that reached the hepatic tissue remains
unknown as there was no way the cells could be tracked.
There was no paired biopsy to document homing-in of the
stem cells.'® Besides, as three doses of CD133+ hemato-
poietic stem cell infusion at a dose of 0.2 x 10° cells per kg
on days 5, 30 and 60, was used, as multiple infusions, then
comparing the results and extrapolating the same to studies
with single infusion and different dosing is not correct.2®
Long-term outcomes of autologous stem cell infusion have
been studied in another retrospective study, which involved
23 patients undergoing stem cell infusion. Though the overall
mortality was less in the stem cell group (55.1 % vs. 73.9%),
there was no significant difference found in the 10-year long-
term survival rate (p > 0.05). There was also a higher inci-
dence of hepatocellular carcinoma in stem cell patients
(47.8% vs. 21.7%, p < 0.05).?! Though theoretically, there
is a possibility of uncontrolled malignant proliferation of an
aged stem cell niche,?? the development of hepatocellular
carcinoma in a 10-year period could develop as a part of the
natural history. This needs further investigation, though a
close watch on the development of hepatocellular carcinoma
is always required following any cell-based therapy.?3
Despite multiple studies, results with isolated hemato-
poietic stem cell or mesenchymal stem cell infusion in cirrhosis
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have not shown very promising long-term results. The ques-
tions of whether it is the wrong timing of injections or whether
the cells get destroyed in the hepatic tissue have paved the
way for ongoing study on the combination of mesenchymal
and hematopoietic stem cells, as the former has an immuno-
modulatory effect?*2> which can possibly benefit the higher
regenerative potentials of the hematopoietic stem cells.

One of the drawbacks of this study was the lack of paired-
biopsies to demonstrate the homing-in of the stem cells or to
demonstrate an increase in the number of CD34+ cells in the
liver tissue. Unfortunately, there is no tracking system by
which we can track these infused cells once they are injected.
Since this was a long-term data study, multiple biopsies would
have been needed at different times, which would have not
been practical or feasible.

In conclusion, autologous hematopoietic stem cell infusion in
patients with cirrhosis is still considered a safe procedure, despite
isolated reports on safety. It is promising to serve as a bridge to
liver transplantation. Since cirrhosis is an ongoing process, the
answer to whether or not repeated infusions will help (the current
evidence does not support it) requires further studies. Combina-
tion stem cell therapy or hepatic organoids and mini-liver
development in laboratories contain a lot of promise.?62”
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